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^ (54) Title: UV ABSORBING/REFLECTING SILVER OXIDE LAYER, AND METHOD OF MAKING SAME 

£J (57) Abstract: A silver oxide layer capable of absorbing and/or reflecting significant amounts of ultraviolet (UV) radiation, and a 
method of making the same. An ion beam including oxygen ions is utilized to densify silver material and transform it into a silver 
^ oxide inclusive layer. Due to the densification caused by the bombardment of oxygen ions, the resulting silver oxide layer is capable 
^ of absorbing and/or reflecting significant amounts of UV radiation. Such silver oxide layers may be utilized in the context of any 
suitable coating system where UV absorption and/or reflection is desired. 
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UV ABSORBING/REFLECTING SILVER OXIDE LAYER, AND 
METHOD OF MAKING SAME 

This invention relates to a silver oxide layer formed in a manner so as to 
enable the layer to absorb and/or reflect ultraviolet (UV) radiation, and a method of 
5 making the same. 

BACKGROUND OF THE INVENTION 

Silver (Ag) layers are commonly used in low emissivity (low-E) coating 
systems. For example, see U.S. Patent Nos. 5,770,321, 5,270,517, and 4,462,883, 
the disclosures of which are all hereby incorporated herein by reference. 

10 For example, in the aforesaid '321 patent, a low-E coating system provided 

on a substrate includes the following layer stack: titanium dioxide, silicon nitride, 
nickel-chrome (NiCr), silver (Ag), nickel-chrome (NiCr), and silicon nitride. The 
silver (Ag) layer is sandwiched between the two NiCr layers, and is formed using a 
conventional sputtering process with a silver target. Specifically, the '321 patent 

15 states that the silver layer is sputtered using an average voltage of 425 volts, an 

average current of 25.90 amps, 12.71 kW, and in a nitrogen atmosphere (530 seem) 
at a pressure of 1 .5 x 10" 3 Torr. When deposited in such a manner, a silver layer can 
function to efficiently reflect and/or absorb infrared (IR) radiation. 

Unfortunately, when deposited using conventional sputtering techniques, 
20 such silver (Ag) layers are not capable of absorbing and/or reflecting significant 
amounts of ultraviolet (UV) radiation. It is believed that this is because 
conventional sputtering devices tend to deposit sputter-coated silver layers in a 
manner such that they are not particularly dense. 

In view of the above, it will be appreciated by those skilled in the art that 
25 there exist a need in the art for a silver (Ag) inclusive layer (e.g., a silver oxide 
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layer) which is capable of absorbing and/or reflecting significant amounts of UV 
radiation. There also exists a need in the art for a method for depositing a silver 
inclusive layer that is capable of absorbing and/or reflecting significant amounts of 
UV radiation. 

5 It is a purpose of different embodiments of this invention to fulfill any and/or 

all of the above described needs in the art, and/or other needs which will become 
apparent to the skilled artisan once given the following disclosure. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a silver oxide (AgO) inclusive layer 
10 capable of reflecting and/or absorbing significant amounts of ultraviolet (UV) 

radiation. Such a silver oxide layer may be utilized by itself, or alternatively within 
the context of a low-E or other type of coating system. 

Another object of this invention is to provide a method for depositing a silver 
oxide inclusive layer that is capable of reflecting and/or absorbing significant 
1 5 amounts of UV radiation. 

Another object of this invention is to sputter-coat a silver inclusive layer on a 
substrate, and either simultaneously or shortly thereafter bombard the silver 
inclusive sputter-coated layer with at least oxygen (O) ions from an ion beam 
source. The oxygen ions tend to densify the silver inclusive layer and transform it 
20 into a silver oxide (AgO x , where x is preferably from 0.8 to 1 .2, most preferably 
about 1.0) inclusive layer. The increased density of the layer caused by the 
bombardment of oxygen (O) ions causes the layer to absorb and/or reflect increased 
amounts of UV radiation. 



25 



Silver oxide inclusive layers according to certain embodiments of this 
invention may be fully oxidized. In other embodiments, silver oxide layers of this 
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invention need only be partially oxidized. It is noted that the more a silver layer is 
oxidized, the more UV radiation that it can reflect and/or absorb. 

Yet another object of this invention is to fulfil any and/or all of the aforesaid 
listed objects and/or needs. 

5 Generally speaking, certain embodiments of this invention fulfill one or more 

of the aforesaid needs and/or objects by providing a method of forming a silver 
oxide inclusive layer comprising the steps of: 
providing a substrate; and 

forming the silver oxide inclusive layer on the substrate utilizing at least an 
1 0 ion beam including oxygen ions . 

Certain embodiments of this invention further fulfill one or more of the 
aforesaid needs and/or objects by providing a coated article capable of reflecting or 
absorbing significant amounts of ultraviolet (UV) radiation, the coated article 
comprising: 
15 a substrate; 

a silver oxide inclusive layer provided on said substrate; and 

wherein said silver oxide inclusive layer has a density of at least about 5.0 
grams per cubic centimeter (gms/cm 3 ). 

IN THE DRAWINGS 

20 Figure 1 is a side cross-sectional view of a portion of a coated article 

according to an embodiment of this invention. 

Figure 2 is a side cross-sectional view of a portion of a coated article 
according to another embodiment of this invention. 

Figure 3 is a side cross-sectional view of a portion of a coated article 
25 according to yet another embodiment of this invention. 
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Figure 4 is a schematic diagram illustrating how a sputtering device and an 
ion beam generating device can be used in conjunction with one another according 
to an embodiment of this invention in order to deposit a silver oxide inclusive layer 
that is capable of absorbing and/or reflecting significant amounts of UV radiation. 

5 Figure 5 is a flow chart illustrating certain steps taken during the course of 

the Figure 4 embodiment of this invention. 

Figure 6 is a perspective view of a linear ion beam source which may be used 
in any embodiment of this invention for directing ions (e.g., oxygen ions) toward a 
substrate. 

10 Figure 7 is a cross-sectional view of the linear ion beam source of Figure 6. 

Figure 8 is a schematic diagram according to another embodiment of this 
invention, wherein the silver oxide inclusive layer is deposited via an ion beam 
source used in conjunction with a cathodic arc. 

Figure 9 is a schematic diagram of still another embodiment of this 
15 invention, wherein the silver oxide inclusive layer is deposited on a substrate 
utilizing at least a cathodic arc device for directing silver material toward the 
substrate and an ion beam source for directing oxygen ions toward the substrate in 
order to densify and/or oxidize the silver material already on the substrate. 



DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THIS 
20 INVENTION 

Referring now more particularly to the accompanying drawings in which like 
reference numerals indicate like elements/steps/parts throughout the several views. 

According to this invention, at least one ion beam source is utilized in the 
formation of a silver oxide inclusive layer on a substrate. The use of at least one ion 
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beam source enables the silver oxide inclusive layer to be formed in a condition 
dense enough so as to enable it to reflect and/or absorb significant amounts of 
ultraviolets (UV) radiation. For example, in a first embodiment of this invention, 
any suitable type of sputtering device may be utilized to deposit a silver (Ag) 
5 inclusive layer on a substrate. Simultaneously or shortly thereafter, the sputter- 
coated silver inclusive layer is bombarded by/with oxygen (O) ions from an ion 
beam source. These ions function to densify the silver layer and transform it into a 
silver oxide inclusive layer. This silver oxide layer is capable of absorbing and/or 
reflecting much more UV radiation than a conventional sputter coated silver layer 
10 because: 1) it has been densified by the bombardment of oxygen ions, and 2) it has 
been transformed into a silver oxide inclusive layer. 

Figure 1 is a cross-sectional view illustrating silver oxide layer (AgO*) 5 
according to this invention, being utilized in the context of a coating system on a 
substrate. The coated article of Figure 1 includes at least substrate 1, underlying 
15 layer 3, silver oxide layer 5, and overlying layer 7. In this embodiment each of 
layers 3, 5, and 7 is considered to be "on" substrate 1. Thus, herein the term "on" 
means either directly on or indirectly on with other layers potentially located 
therebetween. 

Substrate 1 may be of or include glass, plastic, ceramic, or any other suitable 
20 material. However, in preferred embodiment, substrate 1 is of soda lime silica 

glass. Underlying layer 3 may be of or include any suitable material including but 
not limited to tin oxide, zinc oxide, silicon oxynitride, silicon nitride, silicon oxide, 
titanium oxide, boron nitride, and/or diamond-like carbon. Overlying layer 7 may 
be of any suitable material including but not limited to tin oxide, zinc oxide, silicon 
25 nitride, silicon oxide, titanium oxide, silicon oxynitride, boron nitride, and diamond 
like carbon. The materials listed for underlying layer 3 and overlying layer 7 are for 
purposes of example only, and are not intended to be limiting. Any other suitable 
material (e.g., dielectric materials are preferable in certain embodiments) may be 
utilized for these layers. 
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In the Figure 1 embodiment, silver oxide layer 5 is provided on substrate 1 
and is located between underlying layer 3 and overlying layer 7. Silver oxide layer 
5 is preferably formed so as to have a high enough density so as to enable it to 
reflect and/or absorb significant amounts of ultraviolet (UV) radiation. For 
5 example, in certain embodiments of this invention, silver oxide layer 5 has a density 
of at least about 5.0 grams per cubic centimeter (gms/cm 3 ), more preferably of at 
least about 6.0 gms/cm 3 , and most preferably of at least about 7.0 gms/cm 3 . The 
higher the density of silver oxide layer 5, the more UV radiation that is reflected 
and/or absorbed by the layer. 

10 Figure 2 is a cross-sectional view of a coated article according to another- 

embodiment of this invention. This embodiment is the same as the Figure 1 
embodiment, except that intermediate layers 9 and 1 1 are provided on opposite 
sides of silver oxide layer 5. First intermediate layer 9 and second intermediate 
layer 1 1 may be of or include nickel, chrome, nickel-chrome, nickel oxide, 

15 chromium oxide, nickel-chrome-oxide, or any other suitable material in different 
embodiments of this invention. Thus, the coated article of Figure 2, like the coated 
article of Figure 1, can function as both a low-E IR reflecting system and a UV 
reflecting/absorbing system in certain embodiments of this invention. 

Figure 3 is a cross-sectional view of a coated article according to yet another 
20 embodiment of this invention. The Figure 3 embodiment is the same as the Figure 
1 embodiment, except that underlying layer 3 is not provided. Thus, in the Figure 3 
embodiment, silver oxide layer 5 is in direct contact with substrate 1 . 

According to any of the embodiments of Figures 1-3 as well as other 
embodiments of this invention, silver oxide layer 5 is preferably in a fully or 
25 substantially fully oxidized state. However, according to alternative embodiments 
of this invention, silver oxide layer 5 may only be partially oxidized (e.g., about 
70% oxidized). However, it is noted that more oxidation of layer 5 results in more 
UV radiation which can be reflected and/or absorbed by the layer. 
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The embodiments of Figs. 1-3 illustrate a single AgO layer 5 located in the 
layer stack. However, in other embodiments of this invention, it is possible to 
provide AgO layer 5 directly adjacent to at least one silver (Ag) layer(s) (not 
shown). Thus, in the Fig. 1 embodiment for example, both the AgO layer 5 and the 
5 Ag layer could be located between layers 3 and 7 (i.e., the AgO layer functioning to 
reflect and/or absorb UV radiation and the Ag layer functioning to reflect and/or 
absorb IR radiation). When applied to the Fig. 2 embodiment, both the AgO and 
Ag layers could be located between layers 9 and 11. When applied to the Fig. 3 
embodiment, both the AgO and Ag layers could be located between substrate 1 and 
10 layer 7. 

Figure 4 is a schematic diagram illustrating how silver oxide (AgO) layer 5 
may be deposited/formed according to any of the embodiments of Figures 1-3. 
Figure 4 illustrates silver oxide layer 5 being deposited directly on substrate 1. The 
other layers (i.e., layers 3, 7, 9, 11, Ag layer, etc.), which are optional anyway, are 
15 not illustrated for purposes of simplicity. 

Still referring to Figure 4, conveyor 13 moves substrate 1 in an 
approximately linear direction 14 under sputter coating device 15 and ion beam 
source 25. Sputter coating device 15 may be any conventional sputter coating 
apparatus including, but not limited to, the sputtering device described and 

20 illustrated in U.S. Patent No. 5,770,321, the disclosure of which is incorporated 
herein by reference. Alternatively, any other type of sputtering device (e.g., diode 
sputtering, ion beam assisted sputtering, etc.) may instead be used as sputtering 
device 15. Sputtering device 15 preferably includes a silver (Ag) inclusive target 
(e.g., cathode target) which enables silver material 17 to be sputtered onto substrate 

25 1 as illustrated. 

As shown in Figure 4, substrate 1 passes under sputter coating device 15. 
When under the silver inclusive sputtering target, silver material 17 falls and/or is 
directed onto substrate 1. Simultaneously, or shortly thereafter, the silver material 
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17 which has been sputtered onto substrate 1 is bombarded with oxygen (O) ions 
via an ion beam(s) 34. These oxygen ions function to both: 1) densify the silver 
material on the substrate, and 2) transform the silver material into a silver oxide 
inclusive layer 5. The degree of densifying (i.e., packing density) can be varied 
5 based upon the ion energy utilized in generating the ion beam 34. In other words, 
the higher the ion beam energy utilized, the more dense the resulting silver oxide 
layer 5 will be. The ion energy utilized by the ion beam source 25 may be, for 
example, from about 100-800 eV, more preferably from about 300-700 eV. The 
resulting silver oxide layer 5 may be formed at any suitable thickness. For example, 
10 layer 5 may be from about 5 to 1,000 A (angstroms) thick, more preferably from 
about 10 to 300 A thick, and most preferably from about 20-200 A thick, according 
to certain embodiments of this invention. 

Still referring to Figure 4, one or both of ion beams 34a and 34b may be 
utilized in different embodiments of this invention. In an embodiment where only 
15 ion beam 34a is used, this beam including oxygen ions is directed towards substrate 
1 so as to bombard the silver material 17 as it is being deposited on the substrate 
(i.e., the ion beam bombardment is conducted simultaneously with sputtering so that 
deposited silver is immediately bombarded with O ions upon deposition on 
substrate 1). 

20 Alternatively, ion beam 34b may be utilized instead of beam 34a. In such 

embodiments, ion beam 34b including oxygen ions bombards the silver material 17 
shortly after it has been deposited onto substrate 1. According to still further 
embodiments of this invention, both beams 34a and 34b may be utilized at the same 
time in combination with sputtering device 15. 

25 As discussed above, the bombardment of the silver material 17 with oxygen 

ions from beam 34a and/or beam 34b results in a densified silver oxide layer 5. 
Layer 5 has a high density as described above, thereby enabling it to reflect and/or 
absorb significant amounts of UV radiation. After formation of layer 5, other layers 
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(e.g., see layers 7,11) may or may not be deposited on the substrate 1 over top of 
silver oxide layer 5 according to different embodiments of this invention. 

Figure 5 is a flow chart illustrating certain steps taken in accordance with the 
Figure 4 embodiment. Initially, substrate 1 is provided (step 20). Optionally, one 
5 or more underlying layer(s) may be deposited (e.g., sputter coated) on the substrate 
1 (step 21). Thereafter, silver material is deposited on substrate 1 via a sputtering 
device 15 (step 22). One or more ion beam(s) 34a, 34b is/are utilized to bombard 
the silver material with oxygen ions in order to compress the same and transform 
the layer into a silver oxide layer (step 23). Optionally, overlying layer(s) may be 
10 deposited on the substrate over top of the silver oxide layer (step 24). The resulting 
coated article may be utilized as a low-E coated article, or any other type of coated 
article where UV reflection and/or absorption is desired. 

Figures 6-7 illustrate an exemplary linear or direct ion beam source 25 which 
may be used to direct oxygen ions in order to form/deposit silver oxide layer 5 

15 according to any embodiment herein. Ion beam source 25 includes gas/power inlet 
26, anode 27, grounded cathode magnet portion 28, magnet poles 29, and insulators 
30. A 3kV DC power supply may be used for source 25 in some embodiments. Ion 
beam source 25 is based upon a known gridless ion source design. The linear 
source is composed of a linear shell (which is the cathode and grounded) inside of 

20 which lies a concentric anode (which is at a positive potential). This geometry of 
cathode-anode and magnetic field 33 gives rise to a close drift condition. The 
magnetic field configuration further gives rise to an anode layer that allows the 
linear ion beam source to work absent any electron emitter. The anode layer ion 
source can also work in a reactive mode (e.g. with oxygen and nitrogen). The 

25 source includes a metal housing with a slit in a shape of a race track as shown in 
Figures 6-7. The hollow housing is at ground potential. The anode electrode is 
situated within the cathode body (though electrically insulated) and is positioned 
just below the slit. The anode can be connected to a positive potential as high was 
3,000 or more volts (V). Both electrodes may be water cooled in certain 
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embodiments. Feedstock/precursor gases, described herein, are fed through the 
cavity between the anode and cathode. The gas(es) used determines the type ions 
directed toward the substrate 1 by the ion beam source 25. 

The linear ion source also contains a labyrinth system that distributes the 
5 precursor gas (e.g., oxygen) fairly evenly along its length and which allows it to 
supersonically expand between the anode-cathode space internally. The electrical 
energy then cracks the gas to produce a plasma within the source. The oxygen ions 
(optionally, in combination with other ions) are expelled out at energies in the order 
of eVc-a/2 when the voltage is Vc-a. The ion beam emanating from the slit is 

10 approximately uniform in the longitudinal direction and has a Gaussian profile in 
the transverse direction. Exemplary ions 34 are shown in Figure 7. A source as 
long as one meter may be made, although sources of different lengths are 
anticipated in different embodiments of this invention. Finally, electron layer 35 
shown in Figure 7 completes the circuit thereby enabling the ion beam source to 

15 function properly. In alternative embodiments of this invention, an ion beam source 
device or apparatus as described and shown in Figs. 1-3 of U.S. Patent No. 
6,002,208 (hereby incorporated herein by reference in its entirety) may be used to 
direct the oxygen ions toward the substrate 1 in accordance with either the Fig. 1, 
Fig. 2, or Fig. 3 embodiment of this invention. 

20 Figure 8 is a schematic diagram illustrating yet another embodiment of this 

invention for producing silver oxide layer 5 on a substrate 1. In this embodiment, 
an ion beam source inclusive of a cathodic arc apparatus is utilized to form silver 
oxide layer 5. Cathodic arcs can produce plasma plumes of highly charged ions 
from a conducting solid material such as silver. Cathodic arcs can also be operated 

25 in the presence of a reactive gas. This is referred to as cathodic arc under reactive 
mode. Here, in this embodiment, oxygen gas (like in the Figure 4 embodiment) is 
bled or introduced into the ion beam producing section of the device 25. A silver 
arc is then triggered (e.g., utilizing a Pt trigger with a cold water flow rate of about 
3 liters per minute from a water chilling system). Coil current for the magnetic field 
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need only be on when the arc is triggered. Arc conditions may include: an arc 
current of 70-90 amps, an arc voltage of 43-50 volts, an oxygen gas flow of 0-20 
seem, a duty cycle of about 25Hz, a steering magnetic field of about 20, and a 
toroidal magnetic field of about 50. Base pressure before deposition may be 
5 approximate 5 x 10" 7 Torr. In such a manner, an ion beam including oxygen ions is 
again used during the formation of a silver oxide layer in order to densify the same 
thereby enabling it to absorb significant amounts of UV radiation. 

Figure 9 illustrates still another embodiment o this invention. In this 
embodiment, a cathodic arc device 26 is utilized in order to deposit silver material 
10 28 on substrate 1 . Thereafter, the silver material is bombarded with oxygen ions 
from ion beam 34 in order to densify the same and transform it into a silver oxide 
layer capable of absorbing and/or reflecting significant amounts of UV radiation. 

In the embodiments discussed above, oxygen ions are used to densify the 
silver material and transform it into a silver oxide inclusive layer. However, in 
15 alternative embodiments of this invention, other types of ions (e.g., Ar ions, N ions, 
H ions, Si ions, etc.) may instead be used in order to densify the silver material. 
The resulting layer may or may not comprise an oxide, but it will still be more 
dense than it otherwise would have been and will be more capable of things such as 
reflecting and/or absorbing UV radiation. 

20 As well be appreciated by those skilled in the art, coated articles according to 

different embodiments of this invention may be utilized in the context of 
automotive windshields, automotive side windows, automotive backlites, 
architectural windows, residential windows, or any other suitable application where 
UV absorption and/or reflection is desired. 

25 Thus, in one embodiment of this invention, Ag my be sputtered onto a 

substrate and thereafter Ar and/or O from an ion beam source can be used to 
impinge upon the sputtered Ag layer in order to oxidize is entirely or approximately 
entirely (e.g., at least about 80% oxidation, more preferably at least about 90% 
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oxidized, and most preferably at least about 97% oxidized). Other layers may be 
placed over and/or under the AgO layer. In other embodiments, a cathodic arc 
technique may be used to deposit Ag on a substrate; simultaneously, the cathodic 
arc can be used in a reactive mode with oxygen (O) reactively in order to grow the 
AgO layer so that the AgO layer is entirely or approximately entirely oxidized (no 
ion beam is needed in this cathodic arc embodiment). 

Once given the above disclosure, many other features, modifications, and 
improvements will become apparent to the skilled artisan. Such other features, 
modifications and improvements are therefore considered to be a part of this 
invention, the scope of which is to be determined by the following claims. 
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L A coated article capable of reflecting or absorbing significant amounts of 
ultraviolet (UV) radiation, the coated article comprising: 
a substrate; 

a silver oxide inclusive layer provided on said substrate; and 
wherein said silver oxide inclusive layer has a density of at least about 
5.0 grams per cubic centimeter (gms/cm 3 ). 

2. The coated article of claim 1, wherein the silver oxide inclusive layer has 
a density of at least about 6.0 gms/cm 3 , and wherein the silver oxide is at least about 
90% oxidized. 

3. The coated article of claim 2, wherein the silver oxide inclusive layer has 
a density of at least about 7.0 gms/cm 3 . 

4. The coated article of claim 1, further comprising at least one dielectric 
layer located between the substrate and the silver oxide inclusive layer. 

5. The coated article of claim 4, wherein said dielectric layer comprises at 
least one of : tin oxide, zinc oxide, silicon nitride, silicon oxide, titanium oxide, 
boron nitride, silicon oxynitride, zinc stannate, and diamond like carbon. 

6. The coated article of claim 5, further comprising a first intermediate layer 
located between the dielectric layer and the silver oxide inclusive layer. 

7. The coated article of claim 1, further comprising a dielectric layer 
provided on the substrate over the silver oxide layer, wherein the dielectric layer 
comprises at least one of: tin oxide, zinc oxide, zinc stannate, silicon oxynitride, 
silicon nitride, silicon oxide, titanium oxide, boron nitride, and diamond like 
carbon. 

8. The coated article of claim 1, wherein said silver oxide inclusive layer is a 
fully oxidized AgO layer. 
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9. A method of forming a silver oxide inclusive layer capable of reflecting 
or absorbing ultraviolet (UV) radiation, the method comprising the steps of: 

providing a substrate; 

forming the silver oxide inclusive layer on the substrate utilizing at 
least an ion beam including oxygen ions in a manner so that the resulting silver 
oxide inclusive layer has a density of at least about 5.0 grams per cubic centimeter 
(gms/cm 3 ). 

10. The method of claim 9, wherein the resulting silver oxide inclusive layer 
has a density of at least about 6.0 gms/cm 3 , and wherein the silver oxide is at least 
about 90% oxidized. 

11. The method of claim 10, wherein the resulting silver oxide inclusive 
layer has a density of at least about 7.0 gms/cm 3 . 

12. The method of claim 9, wherein said step of forming the silver oxide 
inclusive layer comprises: 

utilizing a sputtering device to sputter silver material onto the 

substrate; and 

bombarding the silver material on the substrate with oxygen ions 
using an ion beam in order to form the resulting silver oxide layer. 

13. The method of claim 12, wherein said bombarding of the silver material 
with oxygen (O) ions takes place simultaneously with the silver material being 
sputtered on the substrate. 

14. The method of claim 12, wherein said bombarding of the silver material 
with oxygen (O) ions takes place shortly after the silver material is sputtered onto 
the substrate. 

15. The method of claim 12, further comprising the step of using oxygen gas 
in a ion beam generating device to form the oxygen ions. 

16. A method of forming a silver inclusive layer comprising the steps of: 
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providing a substrate; and 

forming the silver inclusive layer on the substrate utilizing at least an 
ion beam including ions. 

17. The method of claim 16, wherein said forming step comprises utilizing 
the ion beam in a manner so that the resulting silver inclusive layer has a density of 
at least about 5.0 grams per cubic centimeter (gms/cm 3 ), and wherein the silver 
inclusive layer is at least about 90% oxidized. 

18. The method of claim 16, wherein said forming step comprises: 

utilizing a sputtering device to sputter silver material onto the 
substrate; and 

bombarding the silver material on the substrate with ions using the ion 
beam in order to form the resulting silver inclusive layer. 

19. The method of claim 18, wherein said bombarding step comprises 
bombarding the silver material with oxygen ions after the silver material has been 
deposited on the substrate. 

20. The method of claim 18, wherein the silver inclusive layer comprises 
silver oxide, and wherein the ions comprise oxygen ions. 
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